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I propose a view of physical reality which is dominated by the existence of this one 
particular structure, W, the wholeness. In any given region of space, some subregions 
have higher intensity as centers, others have less. Many subregions have weak intensity 
or none at all. The overall configuration of the nested centers, together with their 
relative intensities, comprise a single structure. I define this structure as "the" wholeness 
of that region. 
 
Christopher Alexander (2002-2005, Book 1, P. 96) 
 
 
Abstract 
Inspired by Christopher Alexander’s conception of the world – space is not lifeless or neutral, but a 
living structure involving far more small things than large ones – a topological representation has 
been previously developed to characterize the living structure or the wholeness of geographic space. 
This paper further develops the topological representation and living structure for predicting human 
activities in geographic space. Based on millions of street nodes of the United Kingdom extracted 
from OpenStreetMap, we established living structures at different levels of scale in a nested manner. 
We found that tweet locations at different levels of scale, such as country and city, can be well 
predicted by the underlying living structure. The high predictability demonstrates that the living 
structure and the topological representation are efficient and effective for better understanding 
geographic forms. Based on this major finding, we argue that the topological representation is a truly 
multiscale representation, and point out that existing geographic representations are essentially single 
scale, so they bear many scale problems such as modifiable areal unit problem, the conundrum of 
length，and the ecological fallacy. We further discuss on why the living structure is an efficient and 
effective instrument for structuring geospatial big data, and why Alexander’s organic worldview 
constitutes the third view of space.  
 
Keywords: Organic worldview, topological representation, tweet locations, natural cities, scaling of 
geographic space 
 
 
1. Introduction 
Emerging geo-referenced big data from the Internet, particularly social media such as OpenStreetMap 
and Twitter, provides a new instrument for geospatial research. Big data shows some distinguishing 
features from small data (Mayer-Schonberger and Cukier 2013). For example, big data is accurately 
measured and individually based with geolocations and time stamps, rather than estimated and 
aggregated as small data. This makes big data unique and powerful for developing new insights into 
geographic forms and processes (e.g. Jiang and Miao 2015). On the other hand, big data poses 
enormous challenges in terms of data representation, structuring, and analytics. Unlike small data, big 
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data is unstructured and massive, so conventional structured databases are unlikely to be of much use 
for data management. Conventional Gaussian statistics and Euclidean geometry are also not of much 
use for big data analytics (Jiang and Thill 2015, Jiang 2015b). Furthermore, conventional geographic 
representations, such as raster and vector, are inconvenient for providing deep insights into 
geographic forms and processes. For example, with raster and vector representations, geographic 
space is abstracted as either a large set of pixels or a variety of points, lines and polygons, layer by 
layer (Longley et al. 2015). Under the conventional geographic representations in general, geographic 
space is just a collection of numerous lifeless pieces, such as pixels, points, lines, and polygons, and 
there is little connection between these pieces, except for immediate, nearby relationships. These local 
relationships indicate that a geographic space is full of more or less similar things, and one can hardly 
see geographic space as a living structure, consisting of far more small things than large ones. Present 
geographic representations are very much influenced by the mechanistic worldview inherited from 
300 years of science. Under the worldview, geographic space is mechanistically conceptualized as 
continuous fields or discrete objects (Couclelis 1992, Cova and Goodchild 2002), which pose little 
meaning in our minds and cognition. These representations, mainly based on Newton’s absolute space 
and Leibniz’s relational space, are essentially geometry based rather than topology oriented. By 
geometry, we mean geometric details such as locations, sizes, and directions, whereas the topology 
enables us to see the underlying living structure of far more small things than large ones. Thus the 
notion of topology differs fundamentally the same notion conceived and used in the geographic 
information systems (GIS) literature.  
 
Geographic space as a whole is made of things – spatially coherent entities such as rivers, buildings, 
streets, and cities. Things are connected to other things, to constitute even larger things. For example, 
a set of streets or buildings constitutes a neighborhood, a set of neighborhoods constitutes a city, and a 
set of cities constitutes a country. These things have not yet become basic units of geographic 
representations in GIS (Longley et al. 2015). This is mainly due to the fact that current science is 
mainly mechanistic. The mechanistic worldview is remarkable and excellent, and all that we have 
achieved in science and technology is essentially based on this worldview. However, it is limited, in 
particular with respect to rebuilding architecture or making good built environments, as argued by 
Alexander (2002-2005). In order to build beautiful buildings, Alexander (2002-2005) conceived and 
developed a new worldview – a new conception of how the physical world is constituted. This new 
world picture is organic, so it differs fundamentally from the mechanistic one. Under the organic 
worldview, the world is an unbroken whole that possesses a physical structure, called a living 
structure or wholeness (see Section 2 for an introduction) Alexandrine organic space constitutes the 
third view of space, on which we will further discuss in Section 5.  
 
Based on the third view of space, a topological representation has been previously developed (see 
Section 2 for an introduction) in order to show living structures in built environments and to further 
argue why the design principles of differentiation and adaptation are essential to reach living 
structures (Salingaros 2005, Jiang 2017). The present paper further explores how the topological 
representation or its illustrated living structure can be used to predict human activities. We will 
demonstrate, contrary to what we naively think, that geospatial big data is extremely well structured 
according to its underlying living structure, or the underlying scaling of far more small things than 
large ones. We will show that tweet locations can be well predicted by the living structure of street 
nodes extracted from OpenStreetMap. This predictability is not only based on the current status but 
also for the future status. We further illustrate why the topological representation is a truly multiscale 
representation, and subsequently put forward a new way of structuring geospatial data both big and 
small.  
 
The remainder of this paper is structured as follows. Section 2 introduces the living structure or 
wholeness as a field of centers. Section 3 describes data and data processing. Section 4, based on the 
United Kingdom (UK) case studies, shows that tweet locations can be predicted using street nodes. 
Section 5 further discusses on the implication of the results, particularly how living structures of 
geographic space can be used to structure geospatial data. Finally, Section 6 draws conclusion and 
points to future work.  
 2. Livin
Living s
Centers,
individu
nest with
biologic
than larg
the smal
help jud
more pro
of living
and then
and to sh
 
(Note: T
Order (
degr
 
The orna
strong s
of the fo
circle, w
circles a
big circl
there are
by the fo
15 prop
There ar
although
alternati
recursiv
with the
wanted 
living st
small ci
coherent
 
g structure 
tructure is a
 and it is a
al centers th
in each oth
al sense, but
e ones, one
lest and larg
ge whether 
perties the t
 structure an
 use a confi
ow how the
Figur
he ornamen
Alexander 2
ee of livingn
ment is part
ense of livin
ur-volume 
hile the fou
re enhanced
e is further 
 four dots a
ur little dot
erties (Table
e many stro
 less appar
vely in the 
e manner. Lo
 four strokes
to do so. He
ructure. The
rcles. All id
 whole. This
and the top
 key concept
lso called w
at appear at 
er to form a 
 in terms of
 with numer
est. Alexan
a thing is a 
hing has, th
d its fundam
guration of 
 degree of li
e 1: (Color o
t (a), presum
002-2005). T
ess of the o
 of the book
gness, with 
book is abo
r volumes, 
 by the smal
differentiate
ttached. The
s or strokes,
 1). There 
ng centers, a
ent, at the 
ornament, w
cal symmet
. This ornam
 knew bette
 diamond w
entified cen
 whole is to
ological rep
 of this pape
holeness or
the differen
coherent wh
 the underly
ous smalles
der (2002-2
living struct
e more living
ental prope
10 fictive ci
vingness can
nline) An o
ably drawn 
he dot sizes
rnament stru
 cover of Th
far more sm
ut the natur
we suspect
ler dots with
d and theref
 big circle c
 as well as t
are at least 
nd some are
edge of fig
hich is goo
ries are pres
ent looks li
r than anyo
ith four dot
ters are not 
pologically r
3 
resentation
r, develope
 life or bea
t levels of d
ole. The ter
ing recursiv
t things, a v
005) identif
ure, or whet
 the thing is
rties using a
ties (Figure 
 be measure
rnament and
by Alexande
 shown in th
cture: the la
livingness.)
e Nature of 
all things th
e of order, 
, are repres
in them, thr
ore strength
an be percei
he four boun
three levels 
 with thick 
ure and gro
d shape itse
ent with the 
ke a hand dr
ne else that
s in the mid
separate fro
epresented a
 
d by Alexan
uty. The li
etail of the s
ms of living
e structure, –
ery few larg
ied 15 funda
her a thing 
. In this sect
n ornament 
2) to illustra
d.  
 its topologi
r, appears in
e topologica
rger the dots
 
Order (Alex
an large one
which is pre
ented by fou
ough so call
ened by the 
ved as four 
daries. The 
of scale: bi
boundaries.
und of the 
lf, since it 
diamond in 
afting, but w
 roughness i
dle appears
m each oth
s a graph (F
der (2002-20
ving structu
tructure, and
 or life are n
 one with f
est things, a
mental prop
is living or w
ion, we first
as a working
te the topol
cal represent
 the book co
l representa
, the higher 
ander 2002-2
s (Figure 1a
sumably rep
r small circ
ed differenti
diamond-sh
arcs, which 
ornament po
g circle, sm
Alternating 
ornament. 
contains man
the center, a
e believe A
s such an im
to echo the
er, but tie to
igure 1b). 
05) in his T
re consists 
 tend to ove
ot particular
ar more sma
nd some in 
erties (Tabl
ith life; us
 introduce th
 example (F
ogical repre
 ation 
ver of The N
tion (b) illus
the degree o
005), and it
). The centr
resented by
les. The fo
ation proces
aped piece, 
are further e
ssesses man
all circles, a
repetition is
Good shape
y good sha
s well as in b
lexander del
portant pro
 big circle w
gether to b
heory of 
of many 
rlap and 
ly in the 
ll things 
between 
e 1) that 
ually the 
e notion 
igure 1), 
sentation 
ature of 
trate the 
f the 
 shows a 
al theme 
 the big 
ur small 
ses. The 
to which 
nhanced 
y of the 
nd dots. 
 present, 
s repeat 
pes in a 
ig circle 
iberately 
perty of 
ith four 
ecome a 
  
The top
among i
small cir
are indic
be noted
refer to 
centers. 
wholene
space is 
of the or
1/3, … 
breaks c
Figure 2
Thiessen
from sm
to conta
mathem
visualize
mathem
 
(Note: 
spac
corre
captu
The set o
(ti) and t
livingne
by Goog
lies in th
configur
configur
two mid
largest c
Table 1: The
Levels of s
Strong cen
Thick boun
Alternatin
Positive sp
ological rep
ndividual ce
cles, and th
ated by dire
 that the top
Alexander (
With the t
ss (Jiang 20
much more 
nament. Let
1/10 (Figure
lassification
b, in which
 polygons. 
aller dots to
ining ones
atical mode
d by the dot
atical model
Fig
The 10 fictiv
e (a). These
sponding T
re adjacent 
f the cities 
he future (ti
ss is measur
le’s PageRa
e configura
ation effect 
ation, and th
dle-sized ci
ity is suppo
 15 fundam
cale
ters
daries 
g repetition 
ace
resentation, 
nters. For ex
e diamond i
cted links in
ological rep
2002-2005) 
opological r
15a), we can
complex tha
’s assume 10
 2a). The 1
 (Jiang 2013
 the dots o
A complex 
 adjacent lar
 between t
l of wholen
 sizes in Fig
. 
ure 2: (Color
e cities with
 10 cities ar
hiessen poly
relationship
constitutes a
+1) shown i
ed by city si
nk (PR) sco
tion, i.e. how
is continuou
e PR score
ties are resp
rted by two
ental propert
Good shap
Local symm
Deep interl
Contrast
Gradients
developed b
ample, the b
s supported 
 the topolog
resentation d
and Jiang (2
epresentatio
 compute d
n the ornam
 fictive citie
0 cities can
). The thre
f three diffe
network is t
ger ones at t
wo consecu
ess (Jiang 
ure 2c. In w
 online) Illu
 sizes of 1, 
e put into 3 h
gons nest ea
s of the poly
polygon
 living struc
n Figure 2b
zes, whereas
res (Jiang 20
 the 10 citie
s, which m
s can be reg
ectively sup
middle-size
4 
ies of the liv
 
e
etries
ock and amb
y Jiang (2
ig circle, co
by the four 
ical represen
oes not sho
016), in wh
n or graph,
egrees of liv
ent, and its c
s in a squar
 be put into
e hierarchica
rent hierarc
hen created 
he same hie
tive levels
2015a), the 
hat follows, 
stration of th
1/2, 1/3 ... an
ierarchical l
ch other (b).
gons at the s
s across the
 
ture, and thi
 and 2c, resp
 in the futur
15a). The m
s support ea
eans that cit
arded as the
ported by 
d cities. For
ing structure
Rou
Ech
iguity The
Sim
Not
017), is to b
nsisting of f
attached dot
tation of the
w all potenti
ich a paper 
 and based 
ingness, as 
enters are m
e space, and 
 3 hierarchi
l levels are
hical levels
for all poly
rarchical lev
(Figure 2c
degree of 
we will brie
e topologica
d 1/10 are g
evels indica
 A complex 
ame level, a
 levels.) 
s living struc
ectively. In
e status, the 
ajor differe
ch other to 
y sizes, as t
 future city 
the three an
 a spatial co
 (Alexander
ghness
oes
 void
plicity and inn
 separatenes
uild up sup
our arcs, is s
s. These sup
 ornament (
al centers. I
with a tiny 
on the mat
shown in Fi
uch harder t
their sizes a
cal levels ba
 indicated b
 are respect
gons, with d
el, and from
). With th
livingness c
fly introduce
l representa
iven some lo
ted by the 3 
network is th
nd nested re
ture has two
 the current 
degree of liv
nce between
constitute a 
hey are now
sizes’ rankin
d the four s
nfiguration 
 2002-2005
er calm 
s 
porting rela
upported by
porting rela
Figure 1b). 
nterested rea
dot induces 
hematical m
gure 1b. Ge
o identify th
re respective
sed on the 
y the three 
ively used 
irected rela
 contained p
e network 
an be obtai
 the ideas be
tion 
cations in a
colors, and t
en created (
lationships o
 statuses: th
status, the d
ingness is m
 these two m
coherent wh
, are outcom
g. For exam
mall cities,
that is well 
) 
tionship 
 the four 
tionships 
It should 
ders can 
up to 20 
odel of 
ographic 
an those 
ly 1, 1/2, 
head/tail 
colors in 
to create 
tionships 
olygons 
and the 
ned and 
hind the 
 
 square 
heir 
c) to 
f the 
e current 
egree of 
easured 
easures 
ole. The 
e of the 
ple, the 
 and the 
adapted, 
5 
 
the two statuses or the two measures (sizes and PR scores) have little difference in terms of their 
individual ranking. Space, or spatial configuration to be specific, is not neutral, and it has the capacity 
to be more adapted or less adapted, or equivalently to be more whole or less whole. This dynamic 
view of space is what underlies Alexander’s organic worldview that space is not lifeless or neutral, 
but a living structure involving far more small centers than large ones, and more importantly, space is 
in a continuous process of adaptation. This adaptation depends on not only how various centers adapt 
each other within their whole spatial configuration, but also beyond in terms of how it fits to its 
surroundings. For example, the degree of livingness of the ornament is not only decided by its centers 
within, but also influenced by its surroundings for a bigger whole of the book cover, and even beyond. 
 
 
3. Data and data processing  
In order to demonstrate that living structure can be used to predict human activities, or how human 
activities are shaped by the underlying living structure, we used two big datasets about the UK. They 
are street nodes and tweet locations between June 1–8, 2014 (Table 2). The street nodes were 
extracted from OpenStreetMap for building up natural cities (Jiang and Miao 2015) as a living 
structure, while tweet locations are used to verify if they can be predicted by the living structure. The 
street nodes refer to both street junctions and ending nodes. Street nodes can be easily derived if one 
writes a simple script to extract nodes with one street segment or at least three street segments in a 
street network. The nodes with one segment are ending points, while those with at least three street 
segments are junctions. For the convenience of the readers, we introduce how to use ArcGIS to derive 
street nodes from a network. There are two sets of procedures, which vary in efficiency and accuracy. 
The first is very accurate, but with low efficiency that is suitable for city-scale networks, while the 
second is less accurate, but with high efficiency that is suitable for country-scale networks. 
 
The first set of procedures relies on ArcGIS’ topology-building function, which partitions all streets 
on their junctions into different arcs. Under ArcToolbox Data Interoperability Tools, use Quick 
Export to create coverage format, which contains detailed topology. Use ArcToolbox Data 
Management Tool > Feature Vertices to Points to get both ends of these arcs, and then use Find 
Identical to get the number of ends at a same location. Those ends with the number of 1 or ≥ 3 are 
valid street nodes. The second set of procedures is based on ArcGIS’ Intersect function, again within 
ArcToolbox. OSM street data must first be merged according to the same name. Then, use Intersect to 
get all junctions, and use Feature Vertices to Points to get the dangling end. Note that the Intersect 
operation can generate duplicate junctions that must be removed by Delete Identical to get all valid 
junctions. Finally, merge junctions and dangling ends to get all street nodes.    
 
Table 2: The two datasets and derived natural cities or hotspots 
(Note: OSM = Street nodes, Tweets = Tweet locations, NCities = Natural cities at different levels of 
scale, London II = The largest natural city within London, and London III = The largest natural city 
within London II)  
 
OSM Tweets NCities
UK  4,715,279 2,933,153 123,551
London  308,999 424,970 16,080
London II  37,982 91,325 2,512
London III  1,929 2,796 89
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To this point, we can further elaborate on how Alexander’s organic worldview constitutes the third 
view of space. In the history of science, there are two dominant conceptions of space that are also 
called absolute and relative views of space. The absolute view arises out of Newtonian physics, and 
implies that phenomena can be defined in themselves, so a space can be considered to be a container. 
The relative view of space comes from Leibniz’s conception of space that space can be defined as the 
set of all possible relationships among phenomena. These two views of space reflect pretty well the 
conception of space by Descartes (1954), who described space as a neutral and strictly abstract 
geometric medium, through his uniform spatial scheme of analytical or coordinate geometry. This 
spatial scheme, similar to the common geographic representations raster and vector, made us to think 
of space as a neutral, lifeless, and dead substance. Alexander (2002-2005) challenged this mechanistic 
conception of space, and conceived an organic worldview, under which space has capacity to be more 
living or less living according to its inherent structure. Unlike absolute or relative space, this new 
view of space is organic, based on the concept of wholeness, which finds its roots in many disciplines 
such as quantum physics (Bohm 1980), and Gestalt psychology (Köhler 1947). Alexander (2002-2005) 
further argues the ubiquity of wholeness in nature, in buildings, in works of art, and more specifically 
in any part of space at different levels of scale. Eventually, the goodness of a given part of space may 
be understood only as a consequence of the wholeness that exists. In other words, the wholeness is the 
essence of geographic space. 
 
Geography as a science has three fundamental issues to address about geographic space: (1) how it 
looks, (2) how it works, and (3) what it ought to be. The first issue concerns mainly about geographic 
forms or urban structure, which are governed by two fundamental laws: scaling law (Jiang 2015b) and 
Tobler’s Law (1970). Scaling law states that there are far more small things than large ones on the 
Earth’s surface, whereas Tobler’s Law refers to the fact that similar things tend to be nearby or related. 
Kriging interpolation is possible because of Tobler’s law. Prediction of tweet locations is possible 
because of scaling law or living structure. The second issue refers to the underlying mechanisms in 
terms of how a complex or living structure evolves. This is what physicists are primarily concerned 
with; for example, how cities evolve, and how topographic surfaces are formed with respect to 
geological processes. The surface complexity arises out of the deep simplicity – the deep nonlinear 
and chaotic processes (Gribbin 2004). In other words, geographic processes or urban dynamics in 
particular fluctuate very much like stock prices. The first two issues are fundamental to many other 
sciences, such as physics, biology, and chemistry, for understanding and explaining complex natural 
and societal phenomena. The third issue is not so common to other sciences, which are hardly 
concerned with creation or design (Alexander 2002-2005). The issue of what it ought to be intends to 
address how to create a living structure, and how to make a living structure more living or more 
harmonic. This third issue has not been well addressed in geography, yet it is so unique and important 
in terms of how to make better or more sustainable built environments. As demonstrated by 
Alexander (2002-2005), the concept of living structure has paved a way to this creation and design of 
living environments, through harmony-seeking computation (Alexander 2009). In this connection, 
harmony-seeking computation as a kind of adaptive computation deserves further research in the 
future. 
 
  
6. Conclusion 
Inspired by Alexander’s new cosmology, this paper demonstrated that human activities, such as tweet 
locations, can be well predicted by the underlying living structure using topological representation 
and analysis. From this study, we have a better sense of understanding how human activities are 
shaped by space, or more precisely by its underlying living structure. This finding further validates 
topological representation as an effective tool for geospatial analysis, particularly in the context of big 
data. More importantly, we showed that living structure exists in space, to varying degrees at different 
levels of scale, so it is a legitimate object of inquiry for better understanding goodness of built 
environments. Unlike existing geographic representations, such as raster and vector, which are 
essentially single-scale, the topological representation is a de-facto multiscale representation – 
multiple scales, ranging from the smallest to the largest and including some in between, within the 
12 
 
single representation. This multiscale representation can help avoid many scale issues caused by the 
traditional single-scale representations. 
 
Big data provides not only a new type of data sources for geographic research, but also poses a big 
challenge on how to efficiently and effectively manage it, particularly how to develop new penetrating 
insights. Unlike small data, which rely on samples for understanding the population of the data, big 
data is able to effectively extract living structure of space. Big data is more representative than small 
data in capturing the underlying living structure. This is why big data or living structure can 
effectively predict human activities. From another aspect, big data is commonly considered to be 
unstructured, yet the underlying living structure makes big data incredibly well structured. This is 
because space itself is inherently well structured. It is in this context we suggest a new way of 
structuring big data through living structure. The living structure, and in particular its current and 
future statuses, indicate that space is living rather than lifeless, and space is dynamics rather than 
static. The essence of geographic space is its living structure. The living structure can be used to 
structure geospatial data by relying on its inherent hierarchy. This proposal deserves further research 
in the future.  
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